ELECTRO-OPTICAL DEVICE, AND ELECTRONIC APPARATUS AND DISPLAY 

DRIVER IC USING THE SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an electro-optical 
device using an electro-optical element such as a liquid crystal , 
and to an electronic apparatus and a display driver IC using 
the electro-optical device. 

Description of Related Art 

A liquid crystal display displays a monochrome display 
or a gray scale display including halftone, for example. 

When a liquid crystal element is used as an electro- 
optical element and driven passively or actively, one of a 
plurality of row electrodes (Y electrodes) extending in a 
lateral direction is selected and data signals are supplied to 
a plurality of column electrodes (X electrodes) extending in 
a longitudinal direction simultaneously, thereby driving the 
liquid crystal for a line at a time. 

In recent years, there has been a tendency to increase 
the number of X electrodes to provide an extremely fine display. 

In this case, it is difficult to drive all X electrodes 
using a single driver IC. This is because the maximum number 
of external terminals of an IC chip is limited to the number 
calculated by dividing the maximum producible size (about 20 
mm to 30 mm) of the IC chip by an allowable terminal pitch (about 



50 in the case of a COG (chip on glass)). 

To deal with this problem, as shown in Figure 10, a liquid 
crystal display section 600 provided with 2N pieces of X 
electrodes is divided into two parts in a first direction, 
5 providing two X driver ICs 610 and 620 respectively driving N 
pieces of X electrodes. 

The X driver ICs 610 and 620 respectively supply data 
signals to N pieces of X electrodes based on commands and data 
from an MPU (microprocessor unit) (not shown) - Display control 
10 signals are also generated in the X driver IC. It is sufficient 

f Ft 

l~ that the display control signals are generated only in the X 

driver IC 610 . In this time, the X driver 610 is called a master, 
and the X driver IC 620 to which the display control signals 
= from the X driver IC 610 are input through wiring 64 0 is called 

-.3 15 a slave. 

ry 



Display control signals necessary for a Y driver 63 0 are 
£3 also supplied from the master X driver IC 610 through wiring 

650. 

In the liquid crystal display shown in Figure 10, 
2 0 luminance may differ between a left screen 60 OA driven by the 
X driver IC 610 and a right screen 600B driven by the X driver 
IC 620 in the liquid crystal display section 600 . Specifically, 
driving in the normally-white mode results in the right screen 
600B being more whitish (pale) than the left screen 600A. 

25 

SUMMARY OF THE INVENTION 
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Accordingly, an objective of the present invention is to 
provide an electro-optical device capable of decreasing the 
luminance difference in a screen even if a plurality of driver 
ICS are used to supply data signals electrodes, and an 
5 electronic apparatus and display driver IC using the 
electro-optical device. 

According to a first aspect of the present invention, 
there is provided an electro-optical device comprising: 

a display section which includes a plurality of first 
10 electrodes extending in a first direction, a plurality of second 
electrodes extending in a second direction crossing the first 
direction, and electro-optical elements driven by the first and 
second electrodes; 

a first driver which drives the first electrodes; and 
15 a second driver which drives the second electrodes, 

in wherein the first driver has a master IC for driving a 

n first group of the first electrodes, and at least one slave IC 

for driving a second group of the first electrodes; 

wherein the master IC has a display control signal 
2 0 generation section which generates display control signals 
based on a signal from an external MPU; and 

wherein each of the master IC and the slave IC has an input 
terminal for inputting the display control signals generated 
in the control signal-generating section of the master IC 
25 through an external wiring. 

The luminance difference in the conventional art is 
caused by a large difference in the delay of the display control 
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signals between the master IC and the slave IC. This is because 
the master IC uses the display control signal generated therein, 
whereas the slave IC uses the display control signal input 
through an external wiring- The difference in the delay of the 
display control signals causes a difference between the 
voltages applied to the electrodes of the^ display sections of 
the left screen 600A and the right screen 600B in Figure 10, 
thereby causing the luminance difference. 

According to the present invention, the display control 
signal supplied from the master IC is input to the master IC 
and at least one slave IC through an external wiring . Therefore, 
the luminance difference in a screen can be decreased by 
reducing the difference in the signal delay in the external 
wiring. 

In this electro-optical device of the present invention, 
each of the master IC and the at least one slave IC may comprise: 

a display memory into which display data from the external 
MPU is written; 

a display address circuit which assigns a display address 
for the display data which is read out from the display memory 
and displayed in the display section; and 

a driver which supplies a data signal based on the display 
data read out from the display memory to the first electrodes, 
and 

the display control signal which is input through the 
input terminal may be supplied to the display address circuit 
and the driver. 
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The timing of reading out the display data from the 
display memory and the timing of the data signal generated by 
the driver are both dependent upon the timing of the display 



difference in these timings between the master IC and the slave 
IC can be reduced. 

The present invention is particularly effective in the 
case of a gray scale display in the display section based on 
a pulse width modulation signal from the master IC and at least 
one slave IC. In this case, the display control signal 
generated in the display control signal generation section 
includes a gray scale control pulse for producing the pulse 
width modulation signal- The luminance difference in a screen 
can be reduced by decreasing the timing difference of the gray 
scale control pulses between the master IC and the slave IC. 

According to a second aspect of the present invention, 
the display control signal generated in the master IC is delayed 
in an internal delay circuit whereas the display control signals 
delayed in an external wiring is used in the slave IC, thereby 
decreasing the difference in the delay between the display 
control signals used in the master IC and that used in the slave 
IC. This reduces the luminance difference in a screen. 

In this case, if the delay in the internal delay circuit 
is variable, the delay can be adjusted in accordance with the 
signal delay depending on the external wiring to the slave IC. 

According to a third aspect of the present invention, 
there is provided an electronic apparatus using the 



control signal. 



The present invention can reduce the 
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electro-optical device according to the above invention. 

According to a fourth aspect of the present invention, 
there is provided a display driver IC used for the X driver of 
the above electro-optical device. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a cross section schematically showing a liquid 
crystal display according to a first embodiment of the present 
invention. 

Figure 2 shows the connection between the two X driver 
ICS and one Y driver IC used in the liquid crystal device of 
Figure 1 and a liquid crystal display section. 

Figure 3 is a block diagram showing a configuration common 
to the two X driver ICs shown in Figure 2. 

Figure 4 is a timing chart for signals generated in the 
X driver IC of Figure 3 and a Y driver IC . 

Figure 5 is a block diagram of the driver of Figure 3 . 

Figure 6 is a partial block diagram of the master X driver 
IC shown in Figure 2 . 

Figure 7 is a partial block diagram of the slave X driver 
IC shown in Figure 2 . 

Figure 8 is a waveform chart for describing the delay of 
a gray scale control pulse and an effective voltage lag caused 
by the delay. 

Figure 9 is a waveform chart for describing an operation 
to decrease the luminance difference in a screen. 

Figure 10 shows the connection between two X driver ICs, 
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one y driver IC, and a liquid crystal display section used in 
a conventional liquid crystal device. 

Figure 11 shows a drive waveform used for principle 
driving in a passive drive type liquid crystal device. 
5 Figure 12 shows another drive waveform used in a passive 

drive type liquid crystal device. 

Figure 13 shows a wiring example differing from that in 
Figure 2 . 

Figure 14 is a waveform chart for describing an operation 
"2 10 to decrease the luminance difference in a screen in the case 
of the wiring example of Figure 13. 

Figure 15 is a view showing a liquid crystal device 
according to a second embodiment of the present invention, 
s Figure 16 is a perspective view schematically showing a 

\2 15 portable telephone as an example of an electronic apparatus 

tfi using the liquid crystal device shown in Figure 1. 

f 2 

I2 Figure 17 is a view showing a liquid crystal device 

according to a third embodiment of the present invention. 

Figure 18 is a partial block diagram of the master X driver 
20 IC shown in Figure 17. 

Figure 19 is a partial block diagram of the slave X driver 
IC shown in Figure 17. 

Figure 20 shows a drive waveform used in an active drive 
type liquid crystal device using a TFD (thin film diode) as a 
25 switching element. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Embodiments of the present invention will be described 
with reference to drawings. 

First embodiment 

Figures 1 to 7 show a liquid crystal device according to 
a first embodiment of the present invention. 
(Outline of liquid crystal device) 

Figure 1 is a cross section schematically showing a liquid 
crystal device as a display unit of a portable telephone. As 
shown in Figure 1, the liquid crystal device has a liquid crystal 
module 20 provided with a liquid crystal display driver IC 10, 
a printed circuit board 30 provided with an MPU 300, and a 
connector such as an elastic connection member (zebra rubber) 
40 with a conductive section and an insulation section being 
formed alternately which is used to electrically connect the 
liquid crystal module 20 and the printed circuit board 30. A 
conductive section and an insulation section are alternately 
laminated in the elastic connection member 40 in the 
longitudinal direction towards the surface from the rear face 
in Figure 1. Terminals of the liquid crystal module 20 and the 
printed circuit board 3 0 are electrically connected by 
uniformly applying pressure in the longitudinal direction of 
the elastic connection member 40. 

The liquid crystal module 20 has a liquid crystal display 
section 28 formed by sealing a liquid crystal 2 6 as an 
electro-optical element between two glass substrates 22 and 24. 
The liquid display driver IC 10 is provided on the substrate 
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24 as a COG (chip on glass). 

The first embodiment is an example in which the present 
invention is applied to a passive drive type liquid crystal 
device. For example, a plurality of segment electrodes (X 
> electrodes) and a plurality of common electrodes (Y electrodes) 
are formed on each surface of the glass substrates 22 and 24 
in the directions crossing each other (see Figure 2). The 
liquid crystal display section 28 displays an image by 
controlling the transmittance of pixels formed on each cross 
? 10 portion of the X and Y electrodes using the voltage applied to 
the X and Y electrodes . 

The present invention is not limited to the passive drive 
type liquid crystal device. The present invention may also be 
:^ applied to an active drive type liquid crystal device using a 

-.3 15 two-terminal element such as an MIM (metal-insulation 

I y 

Cn layer-metal) or a TFD (thin film diode), or a three-terminal 

?5 element such as a TFT (thin film transistor). 

The liquid crystal module 20 is arranged in a portable 
telephone 500 so that the liquid crystal display section 28 is 
20 exposed as shown in Figure 16. The portable telephone 500 has 
the liquid crystal display section 28, an earphone 510, a 
microphone 520, an operation means 530, an antenna 540, and the 
like. The MPU 300 outputs command data or display data to the 
liquid crystal module 20 based on the information received 
25 through the antenna 54 0 or the information input by operation 
on the operation means 530. 
(Structure of liquid crystal driver IC) 
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Figure 2 shows the relationship between the liquid 
crystal display section 28 and the liquid crystal display driver 
IC 10. Two X driver ICs lOA and lOB as the liquid crystal driver 
IC 10 and one Y driver IC 12 are provided. 
5 Although these two X driver ICs lOA and lOB are originally 

the same IC, the X driver IC lOA functions as a master IC and 
the X driver IC lOB functions as a slave IC by the external 
wiring . 

The X driver IC lOA drives the X electrode provided in 
10 a left screen 28A of the liquid crystal display section 28 shown 
JL; in Figure 2, and the X driver IC lOB drives the X electrode 

''3 provided in a right screen 28B. Command, data, and the like 

in output from the MPU 300 are input to the X driver ICs lOA and 

lOB. 

^ Ef 

Q 15 The X driver IC lOA as the master outputs display control 

tf} signals generated in a display control signal generation 

p section (details will be described later) to an external wiring 

200 through an output terminal 182 . The display control signals 

are input to the X driver IC lOA through a first input terminal 
20 130 and to the X driver IC lOB through the first and second input 

terminals 130 and 184. The X driver IC lOA as the master is 

designed to output display control signals for the Y driver IC 

12 to the Y driver IC 12. 

(Detailed description of X driver IC) 
25 Figure 3 shows a structure common to the X driver ICs lOA 

and lOB. In Figure 3, the X driver ICs lOA and lOB have the 

following structure. 
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Commands (including write and read commands) and data 
(including display data and address data) from the MPU 300 are 
input to an interface circuit 100 in serial or parallel through 
terminals 102 and 103. The interface circuit 100 may have a 
command decoder, register, or the like. 

A display memory such as a RAM 110 has at least memory 
elements corresponding to the number of pixels provided in the 
screen 28A or 28B shown in Figure 2. The display data output 
from the MPU 300 through the interface circuit 100 and an I/O 
buffer 112 is written into the RAM 110 according to the address 
data output from a column address circuit 114 and a row address 
circuit 116 based on the write command from the MPU 3 00. The 
MPU 300 may read out the display data written into the RAM 110. 
The display data is read out from the RAM 110 according to the 
address data from the column address circuit 114 and the row 
address circuit 116 based on the read command from the MPU 300. 

When the display is driven based on the display data 
written into the RAM 110, the display data of one line in the 
RAM 110 is read out and supplied to a driver 120 based on the 
address signal assigning one line, and output from a display 
address circuit 118. 

The display control signals are needed in view of the 
operations of the display address circuit 118 and the driver 
120. As examples of the display control signals, a latch pulse 
LP, reset signal RES, gray scale control pulse GCP, and 
polar-inversion signal FR shown in Figure 4 can be given. These 
display control signals generated in a display control signal 




generation section 160 of the X driver lOA, as described later, 
are output to the outside through an input /output terminal 180 
(output terminal 182 shown in Figure 6). The display control 
signals are then input to the X driver IC lOA through the wiring 
5 200 and first input terminal 130 shown in Figure 2. The display 
control signals are input to the X driver IC lOB as the slave 
through the wiring 200, first input terminal 130, and 
input /output terminal 180 (input terminal 184 shown in Figure 



one-line read-out addresses synchronously with the latch pulse 
LP. 



Figure 5 is a block diagram showing the driver 120. In 
Figure 5, the driver 12 0 has a latch circuit 121, a counter 122, 



i3 15 a coincidence-detecting circuit 123, a level shifter 124, and 

ry 

tfi an LCD driver 125. 

The latch circuit 121 latches the one-line display data 
read out according to the addresses output from the display 
address circuit 118 synchronously with the latch pulse LP shown 
20 in Figure 4. 

When determining four gray scale values as shown in Figure 
4, the counter 122 is reset by the reset signal RES, and counts 
the reset signal RES as the first count value and the gray scale 
control pulse GCP as the second to fourth count values. 
25 When each data value of one line output from the latch 

circuit 121 coincides with the count value output from the 
counter 122, the coincidence-detecting circuit 123 changes its 



7). 




The display address circuit 118 sequentially assigns 
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output from "L" (low) to "H" (high) or from "H" to "L" based 
on the logic of the polar-inversion signal FR* 

Figure 4 shows segment data SEG (00) to SEG (11) 
corresponding to four gray scale values during positive polar 
5 driving and negative polar driving in the case of performing 
polar inversion for each line. Since the effective value of 
the voltage applied to the liquid crystal of the pixels driven 
based on the segment data SEG(OO) becomes a minimum, the pixels 
are displayed as white in the normally-white mode driving. 
10 Similarly, the pixels are displayed as half tone in the case 

m 



9 



of the segment data SEG(Ol) and SEG (10), and as black in the 



case of the segment data SEG (11). When the polar-inversion 
in signal FR is "H" , four types of the gray scale values SEG (00) 

= to SEG (11) output from the coincidence-detecting circuit 123 

^3 15 change from "L" to "H" corresponding to each gray scale value 

at the time of falling of the reset pulse RES or gray scale 



P control pulse GCP, as shown in Figure 4. When the polar- 

inversion signal FR is "L", four types of the gray scale values 
SEG (00) to SEG (11) output from the coincidence-detecting 
20 circuit 123 change from "H" to "L" , as shown in Figure 4. 

The level shifter 124 shifts the output level of the 
coincidence-detecting circuit 123. The voltage required for 
driving the liquid crystal is supplied to the segment electrodes 
(X electrodes) by the LCD driver 125 based on the voltage 
25 supplied from a display power source 126. 

As shown in Figure 2, signals YSCL and YDATA are input 
to the Y driver IC 12 from the master X driver IC lOA. The signal 
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YSCL is synchronized with one horizontal scanning period 
(selection period) shown in Figure 4, and the signal YDATA is 
data indicating the top of one line. COMn and COMn+1 shown in 
Figure 4 show the waveforms of the signals supplied to nth and 
5 (n+l)th conunon electrodes (Y electrodes) shown in Figure 2 
through the Y driver IC 12. 

Figures 11 and 12 show a drive waveform SEG supplied to 
the X electrodes from the X driver IC lOA or lOB and a drive 
waveform COM supplied to the Y electrodes from the Y driver IC 
10 12. 

Figure 11 shows the drive waveform SEG for the segment 
electrodes (X electrodes) and the drive waveform COM for the 
^ij common electrodes (Y electrodes), which are used for principle 

=^ driving in a passive drive type liquid crystal device. The 

%j 15 drive waveforms SEG and COM have five values of positive and 
Cn negative voltage levels including a middle voltage 0 V, and 

Q COM-SEG is a voltage applied to both ends of the liquid crystal. 

Figure 12 shows the drive waveform SEG for the segment 
electrodes (X electrodes) and the drive waveform COM for the 
20 common electrodes ( Y electrodes ) which are used in other driving 
methods in a passive drive type liquid crystal device. These 
drive waveforms SEG and COM have six values of positive voltage 
levels including a minimum voltage 0 V. 
(Generation of display control signal) 
25 The display control signals LP, RES, GCP, and FR are 

generated only in the display control signal generation section 
160 of the X driver IC lOA. Figure 6 shows part of the X driver 
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IC lOA as the master. 

As shown in Figure 6, the display control signal 
generation section 160 has a NAND-gate 166 connected to an M/S 
selection terminal 162 and a dot clock input terminal 164. The 
5 X driver IC lOA is designed to function as the master IC by 
setting the M/S selection terminal 162 to "H" externally. 
Therefore, a dot clock DCLK input through an oscillator 163 and 
the dot clock input terminal 164 passes through the NAND-gate 
166 and is input to a signal generator 168 . The signal generator 
"I 10 168 generates the display control signals LP, RES, GCP, and FR 
'^'J. based on the data (number of the duty sets, number of polar 

H inversions, and the like) and command (write command) output 

in from the interface circuit 100 and the dot clock DCLK. In other 

= words, the X driver IC lOA as the master becomes equivalent to 

%j 15 the case where the display control signal generation section 

ru 

tft 160 is enabled by setting the M/S selection terminal 162 to "H" . 

p In the case of the X driver IC lOB as the slave in which 

the M/S selection terminal 162 is set to "L" , the dot clock output 
from the dot clock input terminal 164 does not pass through the 
20 NAND-gate 166, as shown in Figure 7. Therefore, the display 
control signals LP, RES, GCP, and FR are not generated in the 
display control signal generation section 160 of the X driver 
IC lOB as the slave. Specifically, the X driver IC lOB as the 
slave becomes equivalent to the case where the display control 
25 signal generation section 160 is disabled by setting the M/S 
selection terminal 162 to "L" . 
(Supply of display control signal) 
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As shown in Figures 6 and 1, the input/output terminal 
180 shown in Figure 3 has the output terminal 182 and the second 
input terminal 184 for convenience of explanation. An 
input/output-switching circuit 170 which switches the state of 
the input/output terminal 180 has a transmission gate 172 driven 
by the logic of the M/S selection terminal 162 and an OR-gate 
173 which carries out the logical OR between the signal output 
from the second input terminal 184 and the signal output from 
the M/S selection terminal 162, as shown in Figures 6 and 7. 

By setting the M/S selection terminal 162 to "H" in the 
X driver IC lOA as the master, the output terminal 182 is put 
in an output-possible state by the input/output-switching 
circuit 170, whereas the output of the OR-gate 173 is set to 
"H" regardless of the input from the second input terminal 184. 

On the contrary, by setting the M/S selection terminal 
162 to "L" in the X driver IC lOB as the slave, the logic input 
from the second input terminal 184 is output as is from the OR 
gate 173 (specifically, the second input terminal 184 is put 
in an input-possible state), whereas the output terminal 182 
is set to a high-impedance state (output-impossible state) . 

In this embodiment, the X driver IC lOA as the master 
generates the display signals LP, RES, GCP, and RF, and each 
signal is not used as is in the IC lOA but output through the 
output terminal 182. 

Next, configuration for inputting the display control 
signals LP, RES, GCP, and RF, which are externally output, to 
the X driver ICs IDA and lOB will be described with reference 



to Figures 6 and 7. 

In this embodiment, an AND-gate 140 shown in Figures 6 
and 7 constitutes a signal selection circuit 140 shown in Figure 
3. The AND-gate 140 carries out the logical AND between the 
display control signals input through the first input terminal 
130 and the second input terminal 184. 

As shown in Figure 6, no display control signal is input 
from the second input terminal 184 to the X driver IC lOA set 
as the master IC by the M/S selection terminal 162. At this 
time, the logic input to the AND-gate 140 from the OR-gate 173 
is set to "H". Therefore, the display control signals input 
from the first input terminal 130 are supplied as is to the 
display address circuit 118 and the driver 120 through a signal 
supply section 150 from the AND-gate 14 0. 

In the X driver IC lOB set as the slave IC by the M/S 
selection terminal 162, the second input terminal 184 is in an 
input-possible state, as shown in Figure 7- Therefore, the 
display control signals are supplied from the first and second 
input terminals 130 and 184 to the AND-gate 140, where the 
logical AND between the display control signals is carried out. 
The display control signals are then supplied to the display 
address circuit 118 and the driver 120 through the signal supply 
section 150. 

(Reason for luminance difference in conventional art) 

As shown in Figure 10 showing a conventional art, the 
delay of the display control signals in a X driver IC 610 as 
the master is caused by the resistance and capacity of the 



internal wiring, whereas the delay of the display control signal 
in a X driver IC 62 0 as the slave is caused by the resistance 
and capacity of an external wiring 640 in addition to those of 
the internal wiring. For this reason, the delay of the display 
control signals used in the X driver IC 62 0 as the slave is larger 
than the delay of the display control signals used in the X driver 
IC 610 as the master. 

Figure 8 shows a gray scale control pulse GCP generated 
during one horizontal scanning period (selection period) and 
a signal SEG( 00 ) obtained by the pulse GCP in each of the X driver 
ICS 610 and 620 of the liquid crystal device of the conventional 
art shown in Figure 10. 

In the X driver IC 610, the delay of a gray scale control 
pulse GCPA is small, whereas the delay of a gray scale control 
pulse GCPB is large in the X driver IC 620. 

The rising edges of the signals SEGA(OO) and SEGB(OO) 
generated in the X driver ICs 610 and 620 are determined by the 
fall timings tl and t2 of the corresponding gray scale control 
pulses GCPA and GCPB, respectively. Therefore, the rise timing 
t2 of the signal SEGB(OO) is later than the rise timing tl of 
the signal SEGA(OO). 

The length of one horizontal scanning period (selection 
period) is determined by the signal COMn supplied to the nth 
Y electrode from the Y driver IC 630, for example. The signal 
COMn is used as a signal common to both signals SEG output from 
both X driver ICs 610 and 620. Therefore, the start time tO 
and end time t3 of one horizontal scanning period (selection 
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period) are common to both signals SEG. 

The gray scale value of the signal SEGA (00) generated 
in the X driver IC 610 is set based on the effective value defined 
by the product of the time from tl to t3 by a voltage (area SI 
5 shown by hatching). The gray scale value of the signal SEGB 
(00) generated in the X driver IC 620 is set based on the 
effective value defined by the product of the time from t2 to 
t3 by a voltage (area S2 shown by hatching). 

However, it is clear that SI is not equal to S2 and the 
10 gray scale values differ in each X driver though the gray scale 

values were originally the same. The luminance difference 

III 

-.3 described relating to the conventional art shown in Figure 10 

W 

in arises for the above reason. 

= (Reason why first embodiment decreases luminance difference in 

.1 15 screen) 

5 LI 

fR On the contrary, according to this embodiment, the 

luminance difference in the conventional art shown in Figure 
10 can be decreased to such an extent that the difference is 
not significant visually. The reason will be described below. 
20 In Figure 2, the length of the wiring between the output 

terminal 182 of the X driver IC lOA and the input terminal 130 
of the X driver IC lOA is referred to as Ll, and the lengths 
of the wiring between the output terminal 182 and the first and 
second input terminals 130 and 184 of the X driver IC lOB are 
25 referred to as L2 and L3 . As is clear from Figure 2, Ll = L2 
< L3. 

According to the above relation, the gray scale control 
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pulses input to the first input terminal 130 of the X driver 
IC lOA and the first and second input terminals 13 0 and 184 of 
the X driver lOB are respectively referred to as GCPA, GCPBl, 
and GCPB2, as shown in Figure 9. 
5 As described above, the effective value of the voltage 

applied to the liquid crystal of the pixels depends on the rise 
timing of the gray scale control pulses GCPA, GCPBl, and GCPB2 , 
as shown in Figure 9. Therefore, use of the gray scale control 
pulse GCPBl having the same rise timing as that of the gray scale 
10 control pulse GCPA used in the X driver lOA is sufficient. 
^IJ In this embodiment, as shown in Figures 6 and 7, the 

cn 

^-3 AND-gate 140 is used as the selection circuit 14 0 shown in Figure 

iU 

til 3, where the logical AND between the gray scale control pulses 

= GCPBl and GCPB2 is carried out as shown in Figure 9, thereby 

J5 15 selecting the rising edge of the gray scale control pulse GCPBl . 

ru 

This makes the delays of the display control signals 

1% respectively input to the X driver ICs lOA and lOB almost equal, 

is? 

thereby preventing a difference in luminance between the left 
and right screens 28A and 28B shown in Figure 1. 

20 The lengths LI and L2 of the wiring 200 shown in Figure 

3 may be equal or the difference between the two lengths may 
be decreased. In addition, the difference in wiring delay may 
be decreased by changing the width or materials of the wiring 
200 in each region. 

25 Moreover, the signal selection circuit 140 which selects 

the logic transition state of one of two display control signals 
differing in delay, which are respectively input from the first 



20 



m ^ 

and second input terminals 130 and 184, is not limited to an 
AND-gate. For example, the signal selection circuit 140 may 
be a switch which selects one of the gray scale control pulses 
GCPBl and GCPB2 shown in Figure 9. An OR-gate may be used as 
the signal selection circuit in order to select the falling edge 
of the gray scale control pulse GCPB2 in Figure 9. There may 
be the case of operating synchronously with the rising edge of 
the display control signals such as the gray scale control pulse 
GCP. Namely, the signal selection circuit may be structured 
so that the transition state of necessary logic can be selected. 

Second embodiment 

Figure 13 shows a second embodiment of the present 
invention in which the wiring 200 for the X driver ICs lOA and 
lOB differs from that in Figure 2. In the second embodiment, 
the lengths of each region of the wiring 200 satisfy L2 < LI 
< L3 and L3 - LI < LI - L2. Therefore, in the case of the wiring 
example shown in Figure 13, the gray scale control pulses GCPA, 
GCPBl, and GCPB2 become as shown in Figure 14. 

Accordingly, it is understood that the gray scale control 
pulse GCPB2 having fall timing close to that of the gray scale 
control pulse GCPA used in the X driver lOA may be used. 

In the case shown in Figures 13 and 14, an OR-gate may 
be used as the selection circuit 140 shown in Figure 3, where 
the logical OR between the gray scale control pulses GCPBl and 
GCPB2 is carried out, thereby selecting the falling edge of the 
gray scale control pulse GCPB2 as shown in Figure 14. 



Figure 15 shows an example in which three X driver ICs 
lOA, lOB, and IOC are connected. The center X driver IC lOA 
may be the master and both the X driver ICs lOB and IOC adjacent 
to the X driver IC lOA may be the slaves. In this case, the 
5 difference in the time of the falling edge between, for example, 
the gray scale control pulses GCP used in each of these X driver 
ICs lOA, lOB, and IOC becomes smaller by selecting the display 
control signal (including GCPB2 ) output from a second input 
terminal 184 for the X driver IC lOB and the display control 
10 signal (including GCPBl ) output from the first input terminal 
130 for the X driver IC IOC. This decreases the luminance 
difference in a screen . 

In this case, an AND-gate which carries out the logical 
AND between the display control signals differing in delay which 



kj 15 are output from the first and second input terminals 13 0 and 

ry 

184 may be used as the signal selection circuit 140 in the X 
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driver IC lOB. In the X driver IC IOC, an OR-gate may be used 
as the signal selection circuit 140. In order to use a common 
IC structure for the three X driver ICs lOA, lOB, and IOC, an 
2 0 AND-gate and an OR-gate may be provided to the signal selection 
circuit 140 so that either one of these gates or the outputs 
of the gates is selected by providing an external wiring. 

Third embodiment 

25 Figure 17 shows a liquid crystal device according to a 

third embodiment of the present invention. As shown in Figure 
17, display control signals output from an input /output 
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terminal 180 (output terminal 182) of an X driver IC 400A as 
a master are input to an X driver IC 4 00B as a slave through 
a first input terminal 130 and a second input terminal 184 
(input/output terminal 180) of the X driver 400B. 
5 Figures 18 and 19 show block diagrams of part of the X 

driver ICs 400A and 400B shown in Figure 17. Parts having the 
same function as those in the block diagrams shown in Figures 
6 and 7 are represented by the same symbols, and description 
thereof will be omitted. 
10 The X driver IC 400A shown in Figure 18 and the X driver 

IC 400B shown in Figure 19 have the same structure, and differ 

fr% 

J=3 in their function by the logic input to an M/S selection terminal 

in 162. 

= These driver ICs 400A and 400B differ from those shown 

15 in Figures 6 and 7 in that the internal structure of an 

ry 

input /output-switching circuit 410 is different, an internal 

n 

}^ delay circuit 420 is provided, and an AND-gate 430 and an OR-gate 

44 0 are provided as the signal selection circuits. 

The input/output-switching circuit 410 has a second 
20 transmission gate 174 which is in a state capable of inputting 
the input signal output from a second input terminal 184 based 
on an "H" output from an inverter 17 6, which inverses the input 
logic from the M/S selection terminal 162 when a transmission 
gate 172 to be connected to an output terminal 182 is designated 
25 as a first transmission gate. The input/output-switching 
circuit 410 has a path which serves to input the display control 
signal output from a signal generator 168 to the internal delay 
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circuit 420, and a third transmission gate 178 which is turned 
on by "H" output from the M/S selection terminal 162 in the middle 
of the path. 

Therefore, the display control signals from the signal 
5 generator 168 are input to the output terminal 182 and the 
internal delay circuit 420 in the X driver IC 4 00A as the master. 
In the X driver IC 400B as the slave, the display control signals 
are input through the second input terminal 184 in the same 
manner as in the case shown in Figure 7 . 
10 The internal delay circuit 420 serves to delay the display 

JIJ control signals to the same extent as or close to the wiring 

w delay of wiring 4 50 extending from the output terminal 182 of 

in the X driver IC 4 00A to the first input terminal 13 0 of the X 

atsa 

= driver IC 400B. Therefore, the display control signals 

i3 15 (including GCPA) delayed by the internal delay circuit 42 0 are 

ffi input to a signal supply section 150 of the X driver IC 400A 

h 

as the master through the OR-gate 440. 

The display control signals (including GCPBl ) with a 
small delay and the display control signals (including GCPB2 ) 

20 with a large delay are input to the X driver IC 400B as the slave 
through the first input terminal 130 and the second input 
terminal 184, respectively. In this embodiment, the AND-gate 
430 carries out the logical AND of between these signals. 
Therefore, taking the gray scale control pulse GCP as an example, 

25 the falling edge of the gray scale control pulse GCPBl with a 
small delay is selected. Because the third transmission gate 
178 is controlled so that the output of the internal delay 
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circuit 420 is "L", signals from the AND-gate 43 0 are input to 
the signal supply section 150 through the OR-gate 440. This 
enables display control using a signal with almost the same 
delay as that of the gray scale control pulse GCPA used in the 
X driver IC 4 00A. Therefore, the problem of the luminance 
difference in a screen can be solved. 

The AND-gate 430 shown in Figures 18 and 19 may be changed 
to an OR-gate or to a switch corresponding to the signal to be 
selected in the same manner as the signal selection circuit 140 
in the first embodiment. 

In the third embodiment of the present invention, the 
signal delay in the internal delay circuit 420 is preferably 
variable. A type which can control the delay so that the 
luminance difference in a screen is minimized while displaying 
an image on the screen is still more preferable. 

The embodiments of the present invention are described 
above. The present invention is not limited to the above 
embodiments and various modifications may be practiced within 
the scope of the present invention. 

For example, when applying the present invention to a 
liquid crystal device, the liquid crystal display is not limited 
to a passive drive type liquid crystal device but may be an active 
drive type liquid crystal device. As an example. Figure 20 
shows a data signal (DATA) and a scanning signal (SCAN) used 
for gray scale display in the case of using a TFD as an active 
element. Moreover, the electro-optical device of the present 
invention is not limited to those using a liquid crystal as the 



electro-optical element- For example, the electro-optical 
device can be applied to those using an El (electroluminescence) 
or an MMD (micro-mirror device) - 

The present invention is not limited to the above types 
which give gray scale display using an electro-optical device - 
The present invention can be applied to types which use a binary 
display such as a black and white display. In this case, the 
display control signals do not include the gray scale control 
pulse GCP. However, when there is a difference in delay between 
latch pulses LP used in a plurality of X driver ICs, for example, 
a luminance difference in a screen is likewise caused- In this 
case, the luminance difference can be eliminated by applying 
the present invention. 

Moreover, the X driver ICs used in the above embodiments 
have the input /output terminal 180. The input /output terminal 
180 may be an output terminal. In this case, in the slave ICs 
lOB, IOC, and 400G, the display control signals are eventually 
input from only the first input terminal 130. However, use of 
the input/output terminal 180 is preferable inasmuch as there 
is the freedom of selecting one of the display control signals 
which are input from the first and second input terminals and 
differ in delay in slave ICs lOB, IOC, and 400B. 

In addition to the above portable telephones, the present 
invention can be applied to various electronic apparatuses 
using an electro-optical device such as a liquid crystal device. 
Examples of such electronic apparatuses include personal 
computers, mobile computers, word processors, pagers. 



televisions, view finder type or monitor direct viewing type 
of recording devices, electronic notebooks, portable 
calculators, game machines, projectors, navigation devices, 
and terminals for point of sales (POS) system. 



